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RECAP: C

Vectors

Capacity 1s usually larger than size

1s cheap as long as its size < capacity

std: :vector<T> Size vs. Capacity

.capacity() = size of allocated memory buffer (8)
4 N\
.size() = number of elements (5)
4 N\
S5 [ 5 |5 contiguous
| | | N i bufferof Ts
(on the heap)
.begin() .end()
o) % % vector
object

What happens when
calling
with size = capacity?

Slower: the entire
vector needs to move

to a new location
with extra capacity



RECAP: C++ (20) ranges

#include<vector>
#include<print>

#1include<map>
#include<ranges>
#include<string>
using std::map; using std::vector; Problem- CO the ke S
using std::string; using std::views: :keys; * py y
using std::ranges::to; using std::ranges::views::zip;
tnt main0) ¢ of a map to a vector
map<string,int>mymap = {{"Vivian", 37},
{"Rihanna", 35%}};

// How to copy the keys of the map to a vector? Old VS New C++

// 0ld C++98 style (no auto in C++98)

std: :vector<std::string> ki1; SOlUtiOnS o

typedef map<string,int>::iterator miter;
for (miter it = mymap.begin(); it !'= mymap.end(); ++it)
kl.push_back(it->first);

// C++17 (structure binding) Thls Class ls all abOUt

vector<string> kZ;
for (auto [x, _1 : mymap) kZ.push_back(x); I'aIlgCS

// C++20 (views and ranges)
vector<string> k3 = mymap | keys | to<vector>();

whovian@phy504:~/host/Lecturel9% nano vectormap.c
// Lets print the results (C++23 style) phy - - $ p.Ccpp

for Cauto [x, y, z] : zip(kl, k2, k3)) whovian@phy504:~/host/Lecturel9$ ./vmap

std::println("{0}, {1}, {2}", x, y, 2); Rihanna, Rihanna, Rihanna
Vivian, Vivian, Vivian



STL Algorithm and Ranges
on STL vectors

Many of them we saw 1n examples 1n the
previous three classes



Why std::ranges and std::views ?

Best answer I found came from Reddit

ij, mredding - 2y ago
Views are cheap, non-owning accessor proxies to data. Most of the time, we want to access data, not the
data container. We don't want ownership, we don't want the owner, and we don't want dependency on the
owner specifics and implementation details. What are you going to do with access to vector modifying
methods you don't need and didn't want? What good is are modifying methods if the vector is const? Why
then are they even in scope in the first place? https://www.reddit.com/r/cpp/comments/18ro7se/c23_views/

Cheap, non-owning accessor proxies to data

Most of the time, we want access to data, not a data
container (vector, map, list...)



C++ (23) Vector ( )

#include <print>

#imclude <ranges> AS We Saw

#1include <vector>
using std::views::1iota; using std::views::drop;
using std::views::take; using std::print; before) C++20

using std::vector; using std::ranges::to;

introduces

int main() {
// drop(10): skips the first 10 elements
// take(20): take only the next 20 elements, discard the rest
auto view = iota(l, 101) | drop(10) | take(20);

capabilities
// 1interesting: we don't need to write the complete vector type
// which in this case 1is std::vector<int>. From the iota, C++ (looks like bash)

// can figure out that this is vector of int's.
auto v = view | to<vector>();

for (int x : v) print("{} ", x); Excellent for

print("\n");

filtering data

whovian@whovianphy504:~/host/Lecture nhano vectorll.cpp
whovian@whovianphy504:~/host/Lecturel9% g++ vectorll.cpp -std=c++26 -0 v1l El]?f:
e ./v1l

whovian@whovianphy504:~/host/Lectur
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

ranges



C++ (23) Vector ( )

#include <print> iS part

#include <ranges>

#include <vector> ()f C++ I'anges

using std::views: :take;
int main() { .
std::vector Numbers{l, 2, 3, 4, 5}; VleWS arc NOH-

// views::take fits quite nicely with Python O o h d
// style for loop (1if you don't wan't to iterate Wnlng (t ey O
// on the entire vector

for (const auto num : take(Numbers, 3)) { not own the data

td::print("{0} ", D;
, o . they access)

std: :print("\n");
C++ always tries

to avoid copies

whovian@whovianphy504:~/host/Lecturel9$ nano vectorl2.cpp
whovian@whovianphy504:~/host/Lecturel9$ g++ vectorl2.cpp -std=c++26 -o v12
19%

iz (1.e., create

whovian@whovianphy504:~/host/Lecture
123

Source: https://www.studyplan.dev/pro-cpp/views temp oraric S)



C++ (23) Vector ( )

#include <print>
#include <ranges> .
#include <vector> 1S part

int mainQ) { of C++ rangcs
std::vector vi1{4, 1, 3, 2, 5%};
auto view = std::views::take(vl, 3); Views are N()n_

std::println("view[0]: {03}", view[0]); Owning (they do

vi[e] = 100; not own the data
they access)

// V1iews are non-owning

// Changing the elements of the

// underlying vector also affect 1ts views
std: :println("view[@]: {0}", view[0]);

whovian@whovianphy504:~/host/Lecturel9% g++ vectorl4.cpp -std=c++26 -o vl14 Source:
whovian@whovianphy504:~/host/Lecturel9$ ./v14 https://www.studypl
view[@]: 4 an.dev/pro-
view[@]: 100 cpp/views




#include <print>

nctsie Sveeter C++ (23) Vector

#include <algorithm>
#include <fmt/ranges.h>
using std::vector; using std::views::reverse; ( )

int main() {
std::vector v1{1, 2, 3, 4, 5};

// Bad: code still a bit long, plus there 1is My favorite aspeCt Of

// an extra comma at the end

std: :ranges: :for_each( * .
std::views: :reverse(vl), IS that lt
Cint 1) { std::print("{0}, ", 1); }

S rineCaty; preserves the original
// best code: println appends \n automatically COntainer.

// | operator really resemble bash!!

std::println("{}", vl | PQVEPSE); whovian@whovianphy504:~/host/Lectur
whovian@whovianphy504:~/host/Lectur

57 4, 37 2) 17
// avoid [] (5, 4, 3, 2, 1]
: 5, 4,3,2,1
std::println("{:n}", vl | reverse); Az 2
[51413121 1]

g++ vectorl3.cpp -std=c++26 -0 v13 -1fmt

19%
19% ./v13

// What if we want to use another symbol to
// separate the vector elements? Here we use

// the FMT library (and the powerful fmt::join) Views dO nOt Create a

// don't mix fmt with std funcs (fmt is more powerful)

fmt::println("{}", fmt::join(vl | reverse, " | ")); temporary VeCtOr

// 1f you want the [] back
fmt::println("[{3]1", fmt::join(vl | reverse, " | ")); Source: https://www.studyplan.dev/pro-cpp/views




C++ (23) Vector ( )

#include <print>
#include <ranges>
#include <vector>

int main() {
// Interesting we don't need to write
// std::vector<int>. The <int> 1s deduced from the
// integers in the initializer list.
std::vector vl {1, 2, 3, 4, 5 };

// Two equivalent ways of writing a view::filter C—l_—l_ plping IS a Clean
auto pf = [ICint 1) { return %2 = 15 }; alternative way to call

// (1) Without piping

auto fview = std::views::filter(vl, pf); VICWS algorlthms

for (const auto x : fview)
std::print("{0} ", x);
std::print("\n");

// (2) With piping
auto fviewZ2 = vl | std::views::filter(pf);

for (const auto x : fview2)

std: ;pr-int("{g} ", X); whovian@whovianphy504:~/host/Lecturel9$ g++ vectorl5.cpp -std=c++26 -0 v15
. " " i i .~ t turel9 .
std: :prlnt( \n ); vlvh(3)v;an@whov1anphy504 /host/Lecturel9$ ./v15

Source: https://www.studyplan.dev/pro-cpp/views

135



C++ (23) Vector ( )

#1include <print>
#include <ranges>

#include <vector> C_I_—l_ plplng 1S d
| | clean alternative
int main() {
std::vector v1 {1, 2, 3, 4, 5, 06, 7 }; Way to Call and
auto pf = [1Cint 1) { EEENHEH  concatenate the
auto fview = v1 | algOritth
std::views::filter(pf) |
std: :views: :take(3) | and
std::views: :reverse; -(1
for (const auto x : fview) prOVI CS

std::print("{0} ", x);
std: :print("\n");

Source: https://www.studyplan.dev/pro-cpp/views

whovian@whovianphy504:~/host/Lecturel9$ g++ vectorl6.cpp -std=c++26 -0 v16
whovian@whovianphy504:~/host/Lecturel9$ ./v16

531




for Python like zip of vectors

#include <ranges>
#include <vector>
#include <ranges>
#include <fmt/ranges.h>
using std::vector; using std::string; using std::views::zip;\ C++
int main() {

using namespace std::string_literals; // sufix s (++14

std::vector v1{1l, 2, 3, 4, 5}; // weekdays
// BE CAREFUL: vector of strings init with string

// literals (const char*)! We explictly typed
// vector<string> to force the conversion between

ofter

Python-style zip

// const char* and C++ string 't)- 1_ . 1
vector<string> en{"Monday", "Tuesday", COm IHGS mu tlp e

"Wednesday", "Thursday", "Friday"};

// C++14 provides an alternative way to convert
// between string literals and C++ strings in a

containers, ranges,

// way C++ can deduce types (using sufix s) VieWS int() a Single

vector pt{"Segunda"s, "Terca"s,
"Quarta"s, "Quinta"s, "Sexta"s};

// "magic code" prove both vecs are vector<string>
static_assert(std: :is_same_v<decltype(en), decltype(pt)>);

. ) ) whovian@whovianphy504:
fOF CGUtO [Xa y; Z] . le(Vl, en, pt)) // nyhOﬂ Style whovian@whovianphy504:
. 4 " " . 1, Monday, Segunda
fimt: :println("{0}, {1}, {2}", x, y, 2);
, Wednesday, Quarta
, Thursday, Quinta
, Friday, Sexta

range

$ g++ vector23.cpp -std=c++26 -0 v23 -lfmt
$ ./v23




old vs new (C++23)
ﬂfﬂﬂji iﬁf;ﬁ:ﬁhm C_|__|_

#include <fmt/ranges.h>

int mainG) { saves time via lazy

std::vector v1{1, 2, 3, 4, 5};

// Lambda function square (topic of next class) evaluation

auto square = [](int x) { X * x; };

// 0ld STL Algorithm (pre-C++20). Important facts

// (1) std::transform needs a destination vector
// std::vector created from one non-negative argument: C++<20

// 1t creates a vector with size vl.size()
// Unlike C arrays, the standard mandates vector elements 1?
[ I )
// to be default initialize (in this case to zero) Std. .trans Orm (and

std: :vector<int> v2(vl.size());

algorithms)

// (2) old STL algorithm are based on the use of 1iterators
// 1st arg: begin iterator of the input container
// 2nd arg: end iterator of the input container

in iterator of the output conta C++<20: need a
// 3rd arg: begin iterator of the output container .

// 4th arg: lambda that implements the element transform

std: :transform(vl.begin(), vl.end(), v2.begin(), square); deStlnathn VGCtOr

fmt: :pr‘i nt]_n("{}" , fmt: :join(vZ, " , ")); whovian@whovianphy504:~/host/Lecturel9$ g++ vectorl?.cpp -std=c++26 -o v17 -lfmt
whovian@whovianphy504:~/host/Lecturel9$ ./v17
1, 4, 9, 16, 25




old vs new (C++23)
#include <vector>

include <fnty/ranges.o C++<20 STL
int main0 algorithms are

std::vector v1{l, 2, 3, 4, 5};
// Lambda function square (topic of next class)

auto square = [J(int x) { X * x; }; baSCd On lteratOI'S
// 0ld STL Algorithm (pre-C++20). Important facts (“pointers”)

// (1) std::transform needs a destination vector
std: :vector<int> vZ2(vl.size());

They compute the

// (2) old STL algorithm are based on the use of iterators

// 1lst arg: begin iterator of the input container 1 ftI]_ 11

// 2nd arg: end iterator of the input container a’ gorl m W en
// 3rd arg: begin iterator of the output container

// 4th arg: lambda that implements the element transform Called. SO, they

// If you want to skip the first 2 elements

std: :transform(vl.begin(Q)+2, vl.end(), vZ.begin(), square); need d Contalner tO
fmt::printlnC"{3}", fmt::join(vZ, ", ")); hOld results

whovian@whovianphy504:~/host/Lecturel9$ g++ vectorl8.cpp -std=c++26 -o v18 -1fmt
whovian@whovianphy504:~/host/Lecturel9$ ./v18
9, 16, 25, 0, 0




. old vs new (C++23)
#include <algorithm> C++<20 STL

#include <fmt/ranges.h>

int nainQ) { algorithms: based

std::vector v1{1, 2, 3, 4, 5};

// Lambda function square (topic of next class) On lterators

auto square = [J(int x) { X * X; };

// 0ld STL Algorithm (pre-C++20). Important facts RGSllltS Ileed a

// (2) old STL algorithm are based on the use of iterators COntainer.
// 1st arg: begin iterator of the input container

// 2nd arg: end iterator of the input container

// 3rd arg: begin iterator of the output container

// 4th arg: lambda that implements the element transform Can the OUtpUt
// If you want to modify vl, you can send vl.begin() Vector be Vl ltself?
// 1n the third arg. std::transform do the transformation

// 1n sequence, so 1t 1s ok .
std: :transform(vl.begin(), vl.end(), vl.begin(), square); Yes- BUt that 1S

fmt: :println("{}", fmt::join(vl, ", ")); destructive.

whovian@whovianphy504:~/host/Lecture20$ g++ vectorl9.cpp -std=c++26 -0 v19 -1fmt
whovian@whovianphy504:~/host/Lecture20$ ./v19
1, 4, 9, 16, 25




old vs new (C++23)

#include <vector>
Finctude <fme/rangen.o C++<20 STL
int nain©) { algorithms: can the

std::vector v1{l, 2, 3, 4, 5};
// Lambda function square (topic of next class)

auto square = [J(int x) { X * x; }; Olltpllt VeCtor be

// (2) old STL algorithm are based on the use of iterators Vl ltself? Yes. BUt

// 1st arg: begin iterator of the input container

// arg: end iterator of the input container that iS destmctlve.

// arg: begin iterator of the output container
// 4th arg: lambda that implements the element transform

// If you want to modify vl, you can send vl.begin() Be CarerI Wlth Vl

// 1in the third arg. BE CAREFUL.

// THE v1 output will be quite messy because of the +2 1)63i11£; tllf: ()1ltI)llt

std: :transform(vl.begin()+2, vl.end(), vl.begin(), square);

fmt::println("{}", fmt::joinCvl, ", ")); 1tself!

whovian@whovianphy504:~/host/Lecture20$ g++ vector2@.cpp -std=c++26 -o v20 -1fmt
whovian@whovianphy504:~/host/Lecture20$ ./v20

9, 1o, 25, 4, 5




old vs new (C++23)

#include <vector>
#include <algorithm>

#include <fmt/ranges.h> C++<20 STL
int main0) { algorithms: be

std::vector v1{l, 2, 3, 4, 5};
// Lambda function square (topic of next class)

auto square = [J(int x) { X * x; }; CarerI Wlth Vl
// (2) old STL algorithm are based on the use of iterators l)(:iIlg; tllf: ()11tI)llt

// 1lst arg: begin iterator of the input container

// 2nd arg: end iterator of the input container ltself'
// 3rd arg: begin iterator of the output container .
// 4th arg: lambda that implements the element transform

// If you want to modify v1, you can send vl.begin() You muSt matCh

// 1n the third arg. BE CAREFUL. you must match

// the iterator positions carefully the iteratOrS

std: :transform(vl.begin()+2, vl.end(), vl.begin()+2, square);

fmt::printlnC"{}", fmt::joinCvl, ", ")); Carefully

whovian@whovianphy504:~/host/LectureZ20$ g++ vector2l.cpp -std=c++26 -o v21 -lfmt
whovian@whovianphy504:~/host/Lecture20$ ./v21
1, 2, 9, 16, 25




#include <algorithm>

old vs new (C++23)

#include <ranges> I ld C 98
#include <vector> n O —I_—l_ )
#include <fmt/ranges.h>

using std::views::iota; using std::ranges::to; h' h
using std::sqrt; using std::sin; using std::back_inserter; VV :1(:

using std::transform; using std::vector;
int main OO { *
// 1initialize a vector with std::views. Remember that uses lteratorS).
// views have lazy-evaluation. Don't forget. ALWAY
// need the std::ranges::to to copy view to a container
vector<int> vl = iota(l, 5) | to<vector>();

| What if we don’t pre-
auto pf = [JCint n) { 2*n; %},
/7 0LD cruss. allocate memory on the

// What 1f you have not allocated vout? Need inserter
// back_inserter is a type of inserter - see last lecture)

vector<int> vZ; OUtpUt VCCtOI’?

transform(vl.begin(), vl.end(), back_inserter(v2), pf);

// Here we allocate voutZ2 - so no inserter needed

vector<int> v3; STL inserters Come tO

v3.resize(5);
transform(vl.begin(), vl.end(), v3.begin(), pf);

the rescue

fmt::printlnC"{}", fmt::join(std::views::zip(vZ2,v3), ", "));

whovian@phy504:~/host/Lecture20$ nano vector30.cpp
whovian@phy504:~/host/Lecture20$ g++ vector3@.cpp -o v30 -std=c++26 -1fmt
whovian@phy504:~/host/Lecture20$ ./v30

@, 2, (4, 9, (6, 6), (8, 8



vectors and lazy-evaluation

<vector>
#include <algorithm> C++
#include <ranges>

#include <fmt/ranges.h> SAVES tlme Via lazy

int mainQ) { evaluation
std: :vector v1{1l, 2, 3, 4, 5};
// Lambda function square (topic of next class)

auto square = [1(int x) { X * x; ¥ No need for an
// the computation DOES NOT HAPPEN here ()11tI)11t ()()IltfliIlfir;

// this 1s similar to Python generators
auto squares = vl | std::views::transform(square);

Key: understand
// computation happens here, when squares output
// 1s needed (again similar to Python generators) WHEN the

// Important fact: computation happens ON THE FLY

// therefore, no addition container 1s needed transformatlon IS
fmt::printlnC"{}", fmt::join(squares, ", "));

being computed

whovian@whovianphy504:~/host/Lecture20$ g++ vector22.cpp -std=c++26 -0 v22 -1fmt
whovian@whovianphy504:~/host/Lecture20$ ./v22
1, 4, 9, 16, 25




Combining new and old styles

#include <vector>
#include <algorithm>
. [ ]
#include <ranges> C++98: based on
#include <numeric>

#include <fmt/ranges.h> 1terat0rs (pOlnterS)

using std::views::iota; using std::views::reverse;

using std::ranges::to; using std::vector;
. °
using std::views::common; using std::sort; C++20 based on
int main() {
vector vl = iota(l,10) | to<vector>(); ranges

auto square = []J(int x) { X * x; };

auto squares = vl | std::views::transform(square); Can WC miX the Old'
fmt::println("{}", fmt::join(squares, ", ")); // print Style algorlthm Wlth a

// squares

new one? Yes, 1f 1t 18

// to send squares to C++98 STL (read only) algo: common

auto vZ2 = squares | common; I‘Gad-Only usage

int sum = std::accumulate(vZ.begin(), vZ.end(), 0);
fmt::printlnC"{}", sum); ( )

whovian@phy504:~/host/Lecture20$ nano vector32.cpp
whovian@phy504:~/host/Lecture20$ g++ vector32.cpp -o v32 -std=c++26 -1fmt
whovian@phy504:~/host/Lecture20$ ./v32

1, 4, 9, 1o, 25, 30, 49, 64, 81
285




old vs new (C++23)

#include <vector>
#include <algorithm>
#include <fmt/ranges.h>

int main(Q) {
std::vector v1{1l, 2, 3, 4, 5};
std::vector v2{5, 4, 3, 2, 1};
// Lambda function acting as a binary operator
auto pf = [JC(int x, int y) { X +Vy; };

// (2) old STL algorithm are based on the use of iterators

// 1st
// 2nd
// 3rd
// 4rd
// 6th

// old

arg:
arg:
arg:
arg:
arg:

STL

begin iterator of the input (1)container

end iterator of the input (1) container
begin iterator of the input (2) container
begin iterator of the output container
lambda that implements the element transform

transform needs a destination vector fully allocated

std: :vector<int> out(vl.size()); // here we need to fully

// specify this 1s a vector
// of ints - there 1is nowhere
// C++ can deduce this info

// OLD algorithm style
std: :transform(vl.begin(), vl.end(),

v2.begin(), out.begin(), pf);

1S
also compatible
with binary
operators (1f we
want, for instance,

to sum two vectors)

fmt 'pr‘intln("{}" fmt: 'join(out "™ whovian@whovianbh;/504:~/hos*‘c/Lec"cureZ@$ g++ vector24.cpp -std=c++26 -0 v24 -lfmt
’ > ’ whovian@whovianphy504:~/host/Lecture20$ ./v24

6, 6, 6, 6, 6




old vs new (C++23)

#include <vector>
#include <ranges>

#include <fmt/ranges.h> 1S
using std::views::zip_transform;
int main() {

std::vector v1{1l, 2, 3, 4, 5}; alsO COmpatlble

std::vector v2{5, 4, 3, 2, 1};

// Lambda function acting as a binary operator Wlth blnary

auto pf = [J(int x, int y) { X +VY; };

// New C++23 style OpGI’&tOI’S

auto view = zip_transform(pf, vl, v2);
fmt::println("{3}", fmt::joinCview, ", "));

// C++23 1s more powerful (allows >2 args)

New C++23
auto pfZ2 = [J(int x, 1nt y, 1nt z) { X +Yy+2z;};
std::vector v3{1, 1, 1, 1, 1}; SyntaX aHOWS >2

auto viewZ = zip_transform(pf2, vl1, vZ2, v3);

fmt::println("{}", fmt::join(viewZ, ", ")); arguments

whovian@whovianphy504:~/host/Lecture20$ g++ vector25.cpp -std=c++26 -o v25 -1fmt
whovian@whovianphy504:~/host/Lecture20$ ./v25

6, 6, 6, 6, 6
7,7, 7,7, 7




old vs new (C++23)

#include <vector>
#include <ranges>
#include <fmt/ranges.h>

using std::views::zip_transform; We are going t() SCC
int main() {

std::vector v1{1l, 2, 3, 4, 5};
std::vector v2{5, 4, 3, 2, 1}; neXt Class (On

std::vector v3{1, 1, 1, 1, 1};
lambdas) that
// Variadic Lambda

// PS: auto on arg here 1s mandatory C++>17 allOWS
auto pf = [JCauto... x) { X + ...); };

variadics (variable

auto view = zip_transform(pf, vl, vZ2);

fmt::println("{}", fmt::join(view, ", ")); Illlrlll)fjr'()i?

auto viewZ2 = zip_transform(pf, vl1, vZ2, v3);

fmt::println("{}", fmt::join(viewZ, ", ")); argumentS)

whovian@whovianphy504:~/host/Lecture20$ g++ vectorl6.cpp -std=c++26 -o v26 -1lfmt
whovian@whovianphy504:~/host/Lecture20$ ./v26

6, 6, 6, 6, 6
7, 7,7, 7,7




old vs new (C++23)

#include <vector>
#include <algorithm> // fold_left
#include <numeric> // old accumulate
#include <print>
int main() {

std::vector v1{1l, 2, 3, 4, 5, 6, 7};

// OLD STL WAY: in both old and new algorithm

// the @ instead of 0.0 1s quite important.

// Why? it will dictate the return type.

// That 1s the where auto gets the type information
auto resl = std::accumulate(vl.begin(), vl.end(), 0);

// New STL way

// some trivial binary operators are already in the STL
auto res2 = std::ranges::fold_left(vl, @, std::plus{});
std: :println("{0} and {1}", resl, res?2);

One
particularly

powerful STL
algorithm 1s

whovian@whovianphy504:~/host/Lecture20$ g++ vector27.cpp -std=c++26 -o v27 -1fmt

whovian@whovianphy504:~/host/Lecture20$ ./v27

28 and 28




old vs new (C++23)

#include <vector>

#include <algorithm> // fold_left

#include <numeric> // old accumulate

#include <cmath> // large number of special funtions »

jinclude conarh ok with custom
int main() {

std::vector v1{1l, 2, 3, 4, 5, 6, 7}; blnal'y OperatOI‘

// custom binary op

auto pf = [J(double x, double y) { POWerful When
auto a = std::legendre(2, x); // legendre polynomial
auto b = std::laguerre(3, y); // laguerre polynomial

a+b; COIIlblIllIlg Wlth
C++17 lib of

s
auto resl = std::accumulate(vl.begin(), vl.end(), 0., pf);

auto resZ2 = std::ranges::fold_left(vl, 0., pf); SpeCIal

std::println("{0} and {1}", resl, res2); funCtlonS

whovian@whovianphy504:~/host/LectureZ20$ g++ vector28.cpp -std=c++26 -0 v28 -1fmt
whovian@whovianphy504:~/host/Lecture20$ ./v28
11895818481.718742 and 11895818481.718742




old vs new (C++23)

#include <random>

#include <fmt/core.h>

#include <ranges>

#include <cmath> // large number of special funtions
#include <range/v3/all.hpp>

#include <fmt/ranges.h> .

int main ) { IS nOt
std::vector vl = {1, 2, 3, 4, 5, 6, 7};
std::vector v2 = {7, 6, 5, 4, 3, 2

ks
1 as powerful as it

auto pf = [J(Cint x, 1nt y) { // custom binary op

XX+ YR could be

’

i

// Remember: views are lazy-eval.

auto view = std::views::zip_transform(pf, vl, v2); EXtensions tO STL
// So what do we do with transform view? E.g., Print .
fmt::printlnC"{}", fmt::joinCview, ", ")); Can be found ln

// ranges-v3: we can accumulate all transform view elements

auto res = ranges::accumulate(view, 0); // from ranges-v3 ranes-v3

fmt: :println("Acc = {0}", res);

whovian@whovianphy504:~/host/Lecture20$ g++ vector29.cpp -std=c++26 -o v29 -1fmt -I /vcpkg/installed/x64-1inux/include/
-Wno-deprecated-literal-operator

whovian@whovianphy504:~/host/Lecture20$ ./v29

50, 40, 34, 32, 34, 40, 50

Acc = 280



https://github.com/ericniebler/range-v3
https://github.com/ericniebler/range-v3
https://github.com/ericniebler/range-v3

Homework I

Given two STL vectors vl and v2 of the same size.

(1) Create vectors vl and v2 with a size of 1,000,000. Fill them with random
numbers computed using the STL library random number generators
from a normal distribution of mean 3.0 and standard deviation 1.0. Use
C-style loop. Don’t allow zero values.

(2) Compute their sum using algorithm (use and
not lambda to teach transform how to sum. Then try again using lambda).
Try with serial and parallel execution.

(3) Compute v1/v2 using algorithm (use and
not lambda to teach transform how to divide. Then try again using
lambda). Try with serial and parallel execution.

(4) Repeat (2) and (3) using C style for loops. And python loops. Copy by
value and l-value reference

(5) Repeat (2) & (3) but use and vector
(6) Repeat (2-3-4-5), but use std::chrono to time all the executions.



Homework 11

Given two STL , vl and v2, of the same size.

(1) Create vectors vl and v2 with a size of 1,000,000. Fill them with
random numbers computed using the STL library random number

generators from a Bernoulli distribution with p = 0.25. Use
to fill vl and v2

(2) Calculate their sum and multiplication. Use

(3) Using both + lambda function and stream
( ), print the first 100 elements of (1) and (2). Do not let
the comma go past the last element. (a mistake I made 1n a lot of

slides)
(4) Repeat (1) but adopt



Homework 111

Given a STL , vl and v2, of the same size.

(1) Create vl and v2 with a size of 1,000,000. Fill
them with random numbers computed using the STL library random
number generators from a Poisson distribution with lambda= 3.
However, use to fill them without pre-allocating
capacity. Use to determine which one 1s faster.

(2) Now, pre-allocate the vector capacity. What is the new time?

(3) Using compute the minimum element of the
arrays

(4) Using compute the norm of the

(5) Using and lambdas, compute the norm of the

. Do not create a temporary third vector by doing that

(6) Now use , try both sequential and parallel
execution



Homework IV

In the example where we copy all the keys of an std::map to a std::vector, we

used the
(1) Similar to , the STL provides . Use that to
construct a full example where we copy all the values held by keys in a
to a (do 1t in one line!)

(2) Repeat (1) using C++17 structure binding. Do not allocate wasteful variable
for the map's key

(3) Repeat (1) using C++98 . Do (3) in 2 ways.
(1) Using std:: (extra points if you pre-allocate the vector capacity)

(2) Using operator [] and pre-allocating vector size;

(4) Similar to , the STL provides . Use that
view to construct a complete example where we copy all the {key, value}
pair elements of a map into an std::vector

(5) Repeat (4) using C++17 structure binding. Extra point if you also print the
pairs using

(6) Repeat (4) using C++98



